Transfer of the broad-host-range resistance plasmid pIP501 from Streptococcus faecalis to Pediococcus pentosaceus and Pediococcus acidilactici occurred between cells immobilized on nitrocellulose filters in the presence of DNase. Expression of the pIP501-linked erythromycin and chloramphenicol resistance determinants was observed in transconjugants. Intrageneric transfer of pIP501 from a P. pentosaceus donor to various pediococcal recipients occurred at frequencies of 10-4 to 10-7 transconjugants per input donor cell. Intergeneric transfer of plasmid pIP501 from P. pentosaceus to S. faecalis, Streptococcus sanguis (Challis), and Streptococcus lactis was observed. Similar mating experiments showed no evidence for the transfer of the broad-host-range R-plasmid pAMP1 to Pediococcus spp. recipients.
The pediococci are a group of the homofermentative lactic acid bacteria that are ecologically, morphologically, and physiologically similar to the lactic streptococci. However, the pediococci can be differentiated from the lactic streptococci by their failure to react with group N streptococcal antiserum and by examination of their mode of division. The pediococci form tetrads upon division, whereas the streptococci form chains (30) . Members of the pediococci are generally found on plant material (20) , fermented vegetables (23) , and in beer (24) . They comprise a group of economically important bacteria in the fermented food industry. These lactic acid bacteria are utilized for the fermentation of vegetables (23) and meats (5) .
Although many taxonomic and physiological studies have been conducted on the genus Pediococcus (3, 10, 21, 30) , no evidence for the existence of genetic transfer systems, such as transduction, transformation, or conjugation, has been reported. However, reports of conjugation have been described for other gram-positive bacteria such as the streptococcal strains belonging to Lancefield groups A, B, D, F, H, and N (1, 7, 13, 14, 17, 19, 27) , Lactobacillus casei (8) , Staphylococcus aureus (25) , and Bacillus subtilis (1Sa).
In an initial attempt to establish a genetic transfer system in Pediococcus spp., we report here the DNase-resistant transfer of the streptococcal macrolide-lincosamide-streptogramin B (MLS) resistance plasmid pIP501 (20 described by Hershfield (13) . Filter matings in the presence of DNase were done as above, except that pancreatic DNase I (Sigma; type 1) was added to cell mixtures, and the medium was as described by Smith et al. (27) . For broth matings, the donor and recipient were grown as described above. The donor and recipient were mixed at the same ratios as above and incubated statically for 3 to 4 h. Mixtures were mixed in a Vortex mixer, diluted, and plated on appropriate selective medium. To rule out the possibility of transduction, the donor and recipients were grown as above, the donor culture was centrifuged, and the supernatant was filtered through a 0.22->±m filter (Millipore). The donor filtrate and recipient cells were combined at ratios of 1:1 and 0.1:1. The mixtures were then treated by two methods: (i) filtration through a 0.45-,um filter (Millipore) and treatment as above; (ii) incubation of 0.2 ml of the mixture on a BMG agar plate for 3 h and then treatment as above.
Plasmid isolation and purification. Survey lysis of cells to determine the acquisition or loss of plasmid DNA was done by the procedure of LeBlanc and Lee (16) , with only the modification of growth medium. S. lactis for lysis was grown in the lysis broth of Klaenhammer et al. (15) ; Pediococcus spp. isolates were grown in APT broth; and S. faecalis and S. sanguis (Challis) were grown in BHI broth. Samples of ethanol-precipitated DNA were subjected to electrophoresis on vertical 0.7% agarose slab gels as previously described (11) . Photography of gels was as previously described (9) .
Large quantities of plasmid DNA were obtained from 1-liter broth cultures grown to the mid-exponential phase (4 h at 32°C) in the appropriate medium as described above. Cells were concentrated by centrifugation and washed in 1/10 volume of TE buffer (4). Washed cells were suspended in 1/40 the original volume and lysed by a scaled-up modification of the LeBlanc and Lee (16) procedure. The cells were exposed to pronase (Sigma) (predigested for 90 min at 37°C) at a final concentration of 0.5 mg/ml after lysozyme treatment. Centrifugation of CsCI-ethidium bromide gradients was carried out at 18°C in a Sorvall TV865 vertical rotor for 18 h at 55,000 rpm with a Sorvall OTD65B ultracentrifuge. Plasmid DNA was extracted with CsCI-saturated isopropanol to remove ethidium bromide and dialyzed against 1 p.g/ml, respectively, and grown in the dark for 18 h at 32°C. Acriflavin exposed cultures growing at the highest non-inhibitory concentration were diluted and plated on BMG agar. Individual colonies from the above treatments were tested for susceptibility by streaking onto plates containing the appropriate antibiotic.
RESULTS
Mating experiments. To establish mating conditions in our laboratory, S. faecalis strain JH2-2 containing the broad-host-range plasmid pIP501 (20 Mdal) or pAMP1 (17 Mdal) was used in filter matings with S. faecalis strain JH2SS as a recipient. Transfer of these plasmids to the isogenic recipient occurred at the expected frequencies ( Table 2) . Transfer of plasmid pIP501 from the S. faecalis donor to P. pentosaceus and P. acidilactici ranged from 10-5 to 10-8 transconjugants per donor ( Table 2 ). P. pentosaceus strain PPE3.3 showed no evidence as an effective recipient in transfer experiments with the S. faecalis donor strains (Table 2 ). In filter matings under conditions that allowed the transfer of plasmid pAMP1 to S. faecalis, no evidence for the transfer of pAMp1 to Pediococcus spp. recipient strains was observed (Table 2) . Selective plating of donor-recipient mixtures after the mating period showed that there was no reduction in the viability of either.
Intrageneric transfer of plasmid pIP501 from a P. pentosaceus transconjugant, PPE1.12, to P. pentosaceus and P. acidilactici recipients varied from 10-4 to 10-7, with no transfer detected to P. pentosaceus strain PPE3.4 (Table 3 ). Other P. pentosaceus and P. acidilactici donors of pIP501 showed transfer frequencies of 10-4 to 0-5 to a P. pentosaceus recipient (Table 3) .
Intergeneric transfer of plasmid pIP501 from a P. pentosaceus donor to S. faecalis, S. sanguis (Challis), and S. lactis was lower than that observed in intrageneric matings ( c Donor and recipient were grown on APT broth for mating with S. sanguis (Challis); selection for transconjugants was on BHI agar containing streptomycin (1,000 pLg/ml) and erythromycin (10 p.g/ml). from recipients by unselective marker analysis with fusidic acid and carbohydrate fermentation characteristics.
The filter matings described in Tables 2 and 3 using the S. faecalis and P. pentosaceus donor strains containing plasmid pIP501 were also conducted in the presence of 70 ,ug of DNase I per ml. In two independently performed experiments, no reduction of transfer frequencies was observed when matings were performed in the presence of DNase I. No transconjugants were detected in mating studies with sodium hypochlorite-treated donor cells, chloroform-treated donor cells, or cell-free supernatants as donors when mixed with recipients. Furthermore, broth matings of donor and recipient combinations described in Tables 2 and 3 did not show evidence for transfer of plasmid pIP501.
Plasmid analysis. The presence or absence of covalently closed circular (CCC) DNA in each of the Pediococcus spp. strains used in the study was confirmed by subjecting lysates to cesium chloride-ethidium bromide density gradient centrifugation. For accurate sizing of the resident plasmids in the Pediococcus spp. strains, the CCC DNA obtained from gradients was subjected to agarose gel electrophoresis in parallel with plasmid DNA ranging in size from 1.4 to 60 Mdal. P. pentosaceus strain PPE1.1 contained a single plasmid of 30 Mdal designated pSRQ1 (Fig. 1, lane D) . P. pentosaceus PPE3.0, showed the presence of a single 12-Mdal plasmid designated pSRQ7 (Table 1) . Strain PPE4.0 showed two plasmids of 17 and 6.7 Mdal designated pSRQ8 and pSRQ9, respectively (Table 1) . Examination of P. acidilactici strain PACO. revealed the presence of two plasmids of 23 and 4.7 Mdal, designated pSRQ10 and pSRQ11, respectively (Fig. 1, lane I) . Strain PAC2.0 contained no detectable plasmid DNA ( Table 1) .
Confirmation of the presence of plasmid pIP501 was accomplished by examination of lysates of donor, recipients, and transconjugants from matings shown in Tables 2 and 3 . Cesium chloride-ethidium bromide gradient-purified plasmid DNA from lysates of select isolates was subjected to agarose gel electrophoresis. At least two to three forms of pIP501 were found (Fig. 1) . Parental strains are shown in Fig.  1, lanes D, G, and I , whereas their corresponding transconjugants containing pIP501 are shown in lanes E, H, and J. The phenotypes expressed by these transconjugants were those expected, that is, erythromycin and chloramphenicol resistance (see below). Additionally, the transconjugants used as donors in subsequent mating experiments were able to transfer plasmid pIP501 in intergeneric and intrageneric matings (see above).
Restriction enzyme analysis of plasmid DNA from Pediococcus spp. transconjugants. Further physical evidence for the identity of plasmid pIP501 among the pediococcal transconjugants was obtained by restriction enzyme analysis of plasmid DNA from these strains. Plasmid DNA from the transconjugant strain PPE1.9 (Fig. 1,  lane F) , which contained only pIP501, was compared by restriction enzyme analysis to DNA from the donor strain JH2-2(pIP501). The analysis with HaeIII, HpaI, BstEII, AvaIl, and HindIll showed that pIP501 DNA isolated from the JH2-2 donor strain and strain PPE1.9 had identical fragment patterns (Table 4 ). The identity of pIP501 in strain PPE1.12 ( Fig. 1, lane E) was further confirmed by SphI digestion of its plasmid DNA. Digestion of plasmid pIP501 with SphI resulted in two fragments measuring 11.6 and 9.3 Mdal (Fig.  21, lane B) . SphI digestion of plasmid pSRQ1 resulted in fragments of 11.6, 5.4, 4, 3.5, 2.3, 1.5, 1.4, and 0.9 Mdal (Fig. 21, lane C) . An SphI digest of PPE1.12 plasmid DNA revealed the presence of the 11.6-and 9.3-Mdal fragments from pIP501 in the pediococcal transconjugant (Fig. 2I, lane D) . Similarly, conclusive evidence for the presence of undeleted pIP501 was confirmed in strain PPE4.4 (Fig. 1, lane H) . HpaI digestion of plasmid pIP501 yielded fragments that were 15.3, 4.0, and 1.2 Mdal in size (Table 4 ; Fig. 2II, lane B) . The HpaI digestion of plasmid pSRQ9 revealed two fragments of 4.0 and 2.7 Mdal (Fig. 2II, lane C) . Digestion of plasmid DNA from the transconjugant PPE4.4 showed the addition of the 15.3-and 1.2-Mdal fragments of pIP501 in the transconjugant (Fig. 21I, lane D) . The 4.0-Mdal fragments of pSRQ9 and pIP501 co-electrophoresed and are therefore indistinguishable.
MIC testing and resistance expression. The level of resistance to erythromycin and chloramphenicol was investigated in parental and transconjugant strains of Pediococcus spp. that had acquired the plasmid pIP501 (Table 5 ). The resistance to erythromycin expressed by the P. pentosaceus and P. acidilactici transconjugants was equivalent to those observed in S. faecalis (>4,000 ,ug/ml). The parental P. pentosaceus and P. acidilactici strains showed sensitivity to erythromycin at 0.24 and 0.12 jxg/ml, respectively. The chloramphenicol resistance level for P. pentosaceus isolates containing pIP501 was 64 pug/ml, whereas P. acidilactici showed a resistance level of 32 ,ug/mI.
We examined the regulation of erythromycin resistance to determine whether the expression was inducible in a P. pentosaceus transconjugant containing plasmid pIP501. The figure) ; B, SphI digest of plasmid pIP501 from strain JH2-2; C, SphI digest of plasmid pSRQ1 from strain PPE1.10 (Fig. 1, lane D) ; D, SphI digest of plasmid DNA from PPE1.12 ( Fig. 1, lane E) , a transconjugant of PPE1.10 containing pIP501. (II) Lanes: A, Hindlll digest of XDNA; B, HpaI digest of pIP501; C, HpaI digest of plasmid pSRQ9 from strain PPE4.2 (Fig. 1, lane G) ; D, HpaI digest of plasmid DNA from PPE4. 4 (Fig. 1, lane H) (Table 3) , and the plasmid and resistance characteristics observed in secondary transconjugants were as expected. P. pentosaceus and P. acidilactici transconjugants utilized as donors to transfer pIP501 into other Pediococcus recipients were found to transfer the plasmid at a higher frequency than the S. faecalis donor (JH2-2) to the same recipients. Transfer of pIP501 from P. pentosaceus to S. faecalis showed a reduction in transfer frequency, perhaps due to host restriction mechanisms. Studies with plasmid pIP501 in S. pneumoniae have shown its ability to mobilize a nonconjugative plasmid (27) . A survey of transconjugants from the Pediococcus spp. x Pediococcus spp. matings revealed no evidence for mobilization of any resident Pediococcus plasmid(s) by plasmid pIP501. The inability to obtain any transconjugants of isolates P. pentosaceus PPE3.3 or PPE3.4 with either an S. faecalis or a P. pentosaceus donor, respectively, may have been due to host-controlled restriction mechanisms in the recipients or the inability to form a mating pair with the donor.
Conjugal transfer of plasmid pAMP1 has been demonstrated in nine different species of Streptococcus (1), as well as L. casei (8), S. aureus (25) , and B. subtilis (15a) . It would therefore be anticipated that transfer of pAMP1 to Pediocorcus spp. would have occurred; however, no evidence for transfer was observed. A report by Clewell et al. (2) has shown that, in S. faecalis, the transferability of pAMP1 was inhibited dramatically when a highly transmissable plasmid such as pAMyl was present in the donor. This was not the case with the JH2-2 donor used in our experiments, which contained only pAMP1.
Failure to transfer into Pediococcus spp. may then be related to the inability of pAMp1 to initiate replication, lack of expression of its MLS determinant, or deleterious deletions caused during or after transfer into Pediococcus spp. LeBlanc et al. (17) have suggested that streptococcal plasmids often undergo deletions or molecular rearrangemnnts during or after transfer to new host species by either transformation or conjugation. Such rearrangements or deletions could have resulted in the loss of transmissability or failure to mediate resistance to MLS antibiotics. Evidence from DNA annealing studies with plasmids containing genes that code for MLS resistance suggests that there may be substantial sequence diversity among the MLS resistance determinants, which may affect expression in different hosts (22) . Alternatively, Hershfield (13) has suggested that 17 to 20-Mdal MLS plasmids, which include pIP501 and pAM,1, probably represent a class of sex factors analogous to an incompatibility group in E. coli and that the MLS plasmids form a cohesive, yet evolving, family of plasmids. This evolving pattern was inferred by the similarities of patterns generated by restriction digests of MLS plasmids. However, one basic difference does exist in the control of expression of the MLS resistance determinant in pAMP1 and pIP501, the former having constitutive expression (29) and the latter an inducible type (13) . In any case, the host range of pAMP1 does not extend into Pediococcus spp., as might be expected of a broad-host-range plasmid.
The role which the resident plasmid(s) observed in the examined Pediococcus spp. may play in the survival or properties expressed by this group of microorganisms is unknown. The establishment of a conjugal transfer system in Pediococcus spp. will serve as a useful tool for possible transfer or mobilization and identification of plasmid phenotype(s) in Pediococcus spp. Increased knowledge of this group of microorganisms will aid in the development of improved strains for food fermentation.
